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ABSTRACT 


A real-time coherent cotical interferometric image addition 


d subtractiun syste: based on a technique similar to an earlier 
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work by Kunstvann and Spitschan® is extensively investigated. 


Thesretical analysis af ihe svstem has been compared with exreri- 


‘> tortion and resolution power of the 


svston with respes’ to the size and positians of the input images 


have Seen analyz)ed in detail. 


———— 
Accessic For 
“NTs CARL 
ptic t4% 
Unanneaneed 
Justigicat 


os) 


Availability Codes 
TAvail and/or 


SS Ae 


TASLE OF CONTENTS 


Introduction. 
Theoretical Discussion 


Experimental Result: 


A. The exneriminta phe Jos “i 


Bb. Interference freinees resudtes pram the 


subtraction of teo shen snaces 0 ol, 3 
Results of sabtecction between tua Snectty 


input tmaeel . oe eanny cad a retal wis 


rterters mead fyi 


eEeout plane 


Appendix C 

Appendix D 

References 

Table I 

Table I] 

Ficure Caption: 
Fisures } - 18 


Figure A-] 


rd 
2 
RESP. Pe Op Ppa: INTERECRAME TRIG PYGE ADPITIOY 
a AND SUBTOACTION GY WAVO POLAPT ZATION 
‘ te Untredticlion 
Gutical ¢:ace addition and cubtractionr by holoerannyts: and inte - 

i! Perorectry 7 have been dnvestiuatec dy various researchers. Tn ococt 

. the interferomerric methods, complex amplitudes of two imaces from dite r- 

‘ ent Tent naths of an interferoreter are recombined by a grating orf. an 
ordin.ey hotsgraphic beam splitter. ty introducing a phase cifference cf 

3 ~ inte one of the paths, the subtraction between the two imaces can 

: 2 

* achicyed. @ewever. inthe method uscu by Kunstmann and Spitschan,an aeaivrer 

. eas USed to produce oppcsaite phases for the tne spatially se: arated ini 

: and a Wollaston prism was used for the recombination of the two image: Tey 

§ wetnod iS coidaretively simpler and offers the following advantaces. tc ts 

° 

7 eater te Cietae the phase difference betwee the imagqing paths of the tas 
imuees since this can be achieved by sirply rotating the anal;zer, cre 7 a: 
ing vette ar the two images are relatively closer te cach other than tuuse 
ino tre estes using a Mach-Zehnder interferaneter." Hence the method (0 les, 
vulneracie to envirentiental vibrations. Furthermore, no holouraphic Pes 
splitter: cr qratinas are required. The birefringent Wollaston oris-. 

. comverivelly available. However, although Kunstmann and Snitschan® rerortes 
that subtraction has been performed in an area of 3mm by 3 min in their exrer- 
. iment. no theoretical analysis of their experimental results with regard to 
the various optical components such as the Tens and Wollaston orism have 


been uiven, for exanple, they have not taken the aberrations of the wo'- 


lastun prism and the precision of the coincidence of the two images inte 


puns toa. To. sphorige? aner. otion of the Vollaston prism in teed 

hee lab inte ke te sers Tn tne caibtraction and cddition and tae di ont 
-_ 4 : sa ; 

epee one Tn tho eyvyte uy daw. Per cbs reasop . ce have tavest teat 

ef doproved coyotes. The detatls of fre tneary, experimental resuboo. « 

tapertin nites dota avatysi. or the coproved syste are described in the 


wy 


fay owing cecttiens. 


IT, Theoretical Giscussian 
The paste principle of the technique of performing real-tire dmece 
suotraciion and addition using polarization modulation can be iliustrate: 
with the assistance of Fig. 1. Besides ordinary polarizers, 4 snecia: 
larization elerent used is called a Wollaston prism, 
beofta. 1. S ts a coherent point linht source, C is a colli ater. oe 
arid 5S, are twa transparencies with their amplitude transrittinees Sy(.,. 


and iM etyy representing respectiverv the two input signals beine or 


cessed, "Se center of &, 75 Tocatend at (-xy.0) and thet of © ia at 


mothe input otene iy, and beth of them are inclined et en arc oncte : 
the g-aais go spon da fie. 7. The input plane Le ih lecatea at tre tient 
ocal plane of the dens = and the sutout plane of the system isvat th. 
cack focal piane of Tess tj. Po is a polarizer and AN is an analyzer. 


a 


and P. ure t40 modulacion polarizers loceted tin front of the ingut trers 


2 


rarencies 4 and S$. respectively. The unit-vectors along the directions 


the princival transmittance of P, Pa. Pos and AN, represented by ?, Pa Cas 
and A respectively. are shown in Fig. 2. Wis a Wollaston prism which ‘5s 
located at the vicinity of the back focal plane of Ly and the front tor 4} 


plane of L5 and tas its two optical axes parallel to Py and Po resbectively. 


ror sirplicity, we shall assume that the two lenses Ly and L, hav 
«. 


the same fucal lenath f and have perfect image formation properties wit'; 


ve, 


the Input plane 1 and output plane 1., as a pair of conjugate planes. 


‘3 


i Since the spherical waves radiated by the points at the plane I, ere 
transformed into plane waves by lens Lys the Wollaston prism though can 


introduce Gistortions but will not induce any other monochromatic aber- 


rations for objects at plane I). 

ihe complex, vectorial amplitude distribution of the illuwrinatine 
‘ight at y rey be represented by p. As a result af the polarization : 
eodadation of Ss and S,, the amplitude distribution . temediateuly bein 
che onpat mdane as 


} Ca would fat 2 leet their ames Tees Tan scat: 


“Me twa jo aes wend! stiil be separated at the cutput plane ¢.. However. 


oer the pd roo dy ptece. the situation is different. The eoTtlastin 


ha wial defect the Vi nt beams passing through it according: to the 


polortvstoon state. As can be seen in Appendix A, the values of the 


. . 


ngie. at deflection tor beavs polarized along FP, and P, are both appre 
= i t : 


Whe yoga tony 


be TERA oo TS: een 


ners #15 the apes angle of the Wollaston prism defined in the Apnenaix, 


4 end mo oare the refractive indexes of the prism corresponding te the 


indinary and eatraordinary beams resnectively. However, the directions 


of the deflections of these two beans are opposite to each other. Thus, 


PP we adnict the distante x, to make the anale of inclination G be ewual 


' o 


ta the anule «, the centers of the images of 5} and So can both be shifted 


’ 


to be on the z-«%is in the output plane and hence the two images will 


2? 
e 
d 
cuineide. Tinted by distortions, with each other (see Appendix A). Voaet 
frow ab oumrostietely auifers a .ctituie attenuation and cometart pie 
* retardstion [see TYAS, Wea, BORA NO fie Nr ea CEP RT Pigs ose oA 


et 1 
7 pitia et ee fo She i tieutoan aral: Rie Rat Cos ee d 
ame ee aa ! : ra ' iar | Is 
oD) 
tlog ao a r es 
Fo ey a NN oe) + Seas ba) Po] 
& fa f. © « te 


when a is placed in tront ot [T, as shown in Fig. 1; due te the 


relationshnin among PL Py, P. and A (Fie. 2), the output becomes 


CBrc8 


Pe aa ‘ f 
Sis Cae - Ss(x. 
ed Rents v2) Vasey: 


The iesye sublrection betuean Sy and oP) can thus be achieved. 


rw 


eeagver, the Flepibtlity of the prapesed syste. can be seen by the 


Fat tint beoader touen rrecessing capabilities car be attained py 


3 rv, + ’ H = ae - Py ae an 7 * RS eet 
SHOE leith aye PP eee Ae a OS FET Ons oF PP antes, Gore ty 
o . > dine, 3 Joa . : 0s a é ~ te sac ‘ 
EON bom tage eS cage ate eee Soca TN Ga ree 1S caused CYoras AOR 
: rae os cowl 5 fue rotate A by eV. oa ve 
Pio tae hid ag te AM a Stine ond tee cutout then becaves 
} a yt 
7 yo4 Nee vy Ln rad Van} i A u 
“ ‘ ot 2 ‘ 


gn hence dmade acitien can be achieved. Secondly. if a linear coshina- 
tior cf the two tirages 1s desired, we can simply rotate AN (or P) to 
obtain the foliowing output, 


OS (Sy (x, Yo) cosp ' Ss(Xo, Yo) sing] A (S 


~~ 


where © is the angle between A and Py and the "-" and "+" signs correspond 


TEAC Re meg d © =~ } 


to the ceametries shown in Fig. 3(a: and ria. 306) vesecctively. 

no sivple and convenient technique tor the linear combination 
Feose dimsce. nas its practical deperiance. Fer exarojeo, in image sui 
traction, the two transparencies usually do not have the same transit 
tanze over the supposed-to-be identical portion ot the two imaqes de + 
the differences In emulsions ar the exposure and develonment cenditi.. 
Thus. in arder to carry out a true vubtraction, o "weighted" subtractions, 
or a Vinear covhination ts reaquived far the removal of the pseudo- 


differences. 


til Oxber Mental Resid 
\ PhO or aye rdbpenmt a cebewp 
aperdtventad os.tec is ca: tcalis constructed accerdine to 
Stedpe aes fa Piguce d with wba mead tecation:. A sh ee Heese Pocor 


Mas ise as the Jooht scurce, the perarizer Po is claced in the raw Puser 


Pa 


betore fhe collimating dens ©. fle petsrized beam, after bet ca. 


panied throug a pin-hole snatial filter, was collimated by a 6-irecr cear- 


ture asc-inch foral-length telescopic lens C. It was found that the volar- 


izers fF. and P., were not required. In that case, each input trage © reduces 


' re 


two spatially separated images at the output plane, and the useless ore can 


be easily blocked. The rest of the system remained the same except thet 
the imaging Tens Lo was inserted between the analyzer AN and the final out- 
ut image ly. Five different lenses have been used at the position cf Ly 
Tor the purpose of finding out the influence of the Fourier transform or 
the effect of subtraction. The important characteristics of the lenses are 
listed in vabie 1. The Nollaston vrism is made of calcite, with its frant 
surfavo area of Vinm by Iva, total thickness of 6 mr, and the split anale 


af 57 ftns snex cnale A = 745 rad). 


oe 


Interference tTeinges resulted “roa the subtraction of 
twO Open spaces, 


Goring the @xperdimercdal pre cee s, tre lenses listed in Table 
eo pep car Ga dacet Pap a asin Antaat Peadn 
wNen fap was 7 soecitied images bein: 
voctio: wat cverforsod petyeen two omen sco 
twe Hossdbye aice 
Tens his a3 
Pon between 
rrrerence tringes whien will te analyzed in tne 
bourter trots forn lens ts placed with one o: 
two Sortace, tacine towerd the Ticht source (say Cetertation 1) broeter 
Perenee fringes can be obtained than when the surface is placed facir: avery 
fro; the Tight ource (sav Orientation 2). The phenomenon, common to al} 


ay 


Visted in Table T, is further tllustrated in Figs. 4-9. Figures 


ang 5 present the photographic recerdinas of the interference frinves 


fer transfor lens I was placed along Orientation | an. 


verdcn., parts in these Figures indicate ture difterent 


baston prism atend the opticai axis. When the Wel! 
uliced nesition a, the cark frince has a miximum area in 
Inber terse cing eatiere tt ean be seen tmat this is true 


eto is Of Figure. 6-9 are pheteg: ashic recording 


blh Lae berbiastan prise 
“oid Cheat alone Orientation €. ra omettor how cane adius: 
the NOilastun pric ere wes na wav to obtain ao vrcat 
than those cltained with tne Tens alone Crientetion 
is important to note that the dark fringes caused by’ 
Mnterterence of the areas in the two open spaces at 


dre the usel 2 areas for the terterrence of tre subtyar 


enofed to oriaxpmaze 4 dark fringes in the interfererr 


Prince patterns created te Ly throws iy each along the two vossible axis 


Orientations, The resuits of computations of the maximum x- 
of the dark areas from cose of the phatesrashs of Figures & throuch © 4, 
Pstimate ars 
ith of the cases 
met along Oriertetion i weuld vield the » 


eaiparasdon with the other Terses, 


mesuits of ouburaction between twe scecific imbut images -- 
e penny and a meta: washer, 


stTrve by, Glaced alang Orientation 1 has yieldeu the maainur area 


dark fringe, it was chosen for the Fourier transform fens. 


Mare “da. tl) ST untforim transparenc 


support ‘he penny ane 


Metin. 
tater oF apersximately G.62 my 63/8") and a role in 
diameter of aboue 4.78 —3° (3/76"). The nhotegrasric recordins 
the subtraction result. are presented in Fig. 1). The appraxi 


anees between the penny and washer are 70 rr: 


V2") snd Sapien (203, . for a, by and ¢ pert 


fly 


be than hair-lise peeing betwee moun? 
washer de an indecc: : rer tier gf tne 
THe Trrequiar traces of tmarns 7) 2 TOwes portion af tt 
te tne ciue deft by the penny on the ciass oiate 
oy tme three seria tn Figure tT) that the revidue alue gic re 


its position wien the penny was moved. The glue wark ts also an ine: 


of the resolution of the system. 


Dela Analysis 
In order to understand the subtraction system thoroughiy, the trter- 
ference frénge petterns as shrwn in Fias. 1-10 require a theoretical i:ter- 
relation apd tne decree of accuracy of the subtraction results needs 


moe we nal, diccuss these two arrects of the system as foll.. 


alia ly 


A. Interpretation of tue interference fringes 


The theoretical aiedel that we propese to interrret the inter’. 


fringe patters essumes that all optical camponents aved in sur «, ste 


ont 


that 


cdliy pervert, deer. the Tenses are free of aberrations. fhe res 


Pringe: appear at the esatp, 


© dient vas conse; 
optics, Since we assure that tho 


Ponoaev oe negltotle in the presert case. “ore 


scented below with the help of some Tlicstratien: 


the image processinay syste: cf Fic. 


Point ». 158 a certain point with coordinate: 
> 


elane.  Eased an the oerinciple of geanetrical 
rind the Tecetions of the two input plane point. vr. 


the output point my. since in the idealived cas 


the systom is tres of aberrations and diffraction: . 


bair oot ceontucated obgect/image peirts. 


between jo Sar ono) and 3 can bo oyvaluated along anv rav pyssing the 


them, To be spre ific, we vhoose the rays originating from 0. are 


typ perallel to tne optical axis before tney reach tne Fourier 


storn Tens. fiance the two ray would intercept at the back fece 


the Tens. 


‘ Bis oi ee actin crane: ae el Pah aePot Re Sep She a 

‘ 

a : — é oe a gal ee F i : 

is pie » VA, te arawt for toe sprit’ panns of the rays that pa 
throws. Sooywdbasatomo eri... hav ada. toy it can f= seen tnat tte 


put emia a fference beteen Py and 20. 95 eauat to the path od 


: ‘ fa vad. 
if differ. o between (Sl0-08S and (ESH!I-EH).  Sused on this pith Tent 
sR 
: aiffere e. we neve céiculated on « digital computer the interfere © 
4 froaue oabterns. Other pertinent data used tn tie ceatculations inmop.h 
4 tho wavedengih «o> €32.¢ nm; the thickness of the Wellaston prisr oo: 
Coy es tne apex angle of the Wollaston prism 4 = 9.245 ealians; the 
¥ s : : : " ‘s * Pat _ 
: ordonary retiactive index Ne 1.bf84 3 the extraordinary refractiv. 
S ope oe pte , ; 
Wii, leat. “sie teat Teng tis of ihe Four er Tens aged he ee: 3 
; The Ten oar Poth augue: to fo = 75a ims the ranges ef the pesitign ot oc 
: pote fs oeayy pare <P Oona X TOO tao, Oe SET Ry rer 
fe 55 3 3 3 ? 
: the Tecan gto y vay Sith oe FS aN Cys + oh we faa! 
: : the tls Sse e Tethnd the front surtace of the Watiostoen eed ont vee 
( . 
bach foeaboae ces “oor the Pourter transfors Jen: ic teken ao oa tara cer 
wien varie. coo Pods com to 2.02 tm with oe step imerement of 2.54 
ta reeset fae the anes ig adjustvent of tne Wollaston priss tn tee 
e e 
fats 
mpeore dist. of the calculations are platted by une concunar ans 
Shown in fis. 14 whee. the interference fringes are represented iv dots 
ang 5's. jhe dots denote that the absolute value cf a fraction of the 
math length difference introduced by the Wollaston prism at P3 13 Jase 
4 
j than 4/4 or greater than 33/4 and the letter B denotes that the abscluce 
d 
* These indices are for wavelength A = £89.3 nn, for A = 632.2 nv tre 
é Crlculated patterns would be slightly different. 
a 
| 
a 
| 


ATI f° RC EM SEER « dill ae 


7 
Pe 4 , 
a" 
a 4 
_ . A f a 
a ene : eoooth Tenath differerm oe rs net Now en ; phi 14 
t 
sd 
rd 7 el iodees pot intros re additions? chase inte 
: tin vk eh ep beam Eee age pack ig quot Pea CIS hr as ie 
;- ity 2 : adycer 7 pm Ft "ga beta oe Peete, sie ee 
% Hoa ae : COTS OM TORE GIS Si SY ee a ee. it . ‘ VE 4 
a i 
can 
: Pals : Dance fe Me 
; ifs ee Male Seek PUR ede Se bh epoene Se Ts or trie 
of im we i oy ato mindnun end th. retatively un form aye wotny | 
fringe Ss oat itv wasciuuc. The maxtwun dark crea ts best for nerfoarsts 
: tmage obirsetion. The theeretically preaicted phenomenon bas been onl. 
qualitative bv verified by the exporipental results. Any suentitth esc 
ference Potween the coluted etd expe:irental data probably rs caused fs 
o the furerfestnecs of the Wollaston orism and the eherretion: of Tenses. 
The phenctenon that the feinge patterns are different for a certatn boos 
ehothe tue didterent oo fentetions car aise beoespttiaad py cas rt tt 
heather ata ors denendent an the ortenmtocien, | 
pooeetdon, at the outegt plane. | 
‘ Sac Pha Uber ance et Ae Se ON A EP eS RS | 
At cit FAS re is Seek oe A ta incident angie at the fe S2t SApE ey | 
foe tedge ge imaee cueerpesed of fre output plane canrot tetal.; 
| 
waoteddn wth egos others. fath imiaces suffer fro:: diiferent avount { 
djtortieons. ine resolution power of the subtraction technique is Ti ites 
4 hy these disturticns. In the following, we estimate how serious the fis- 
. { 
5 * ar . . . nN 3 ' 
tortion in and try to find out the optimum pasitions of placing the twe 
| 
4 ‘ invut imases where the distortions can be minimized. For simplicity. the 
r caleuletion is cone only for one-dimensional case. We assume that the 


: Yollaston prisn has the cam parameters as those in the A part cf this 


———e | 


a Oe ae ot 
ite eae 


a: 
- 
ao 


SAR RE See ne A age oe eer an mm eee a aps Ng chee PR eR ESS Sie ater Gia, 


Save top a] teuctth ot Poarbitrary umiti, thas the caunificsicer af cee 


The calculation js based on the conf luuration es shean in fia, ut, 


{ 

j 

1 

. ae 3 = = | 
ebb ot peat eps Uy 
q 


wdret we crdaese + boaint C. en the suteat Tage and then trece beck elon, { 


; ae? ; i ed acs rs 
the eecaecrical ontical beths to lwo corresponding acints ©, and C, 
¢ 
tne two iuput transparencies. We shall call the points Cy. Case. SENG es 
| 
r ; a é ee . po % 4 
the cente.s of the respective images, Likewise, fer any point oraoan i 
: vs { 
the output, the corresparding dnpur ivace points am and bo, on the dinrit 
- ears 
Rie aoe ee cteund. Aleo Tartar Tet 455 2 vEn Pa tig eras, 4 inal Ha | 
] ] ] Bae bet! Ne 4 7 
ae ole : : ne ; : ; 
RO wore the positive sign is cho. en if the vectar is nareilel t 
. d al 
toe gor rtiy om Sag fF Mere TR ot. {Greene eee Ta The «4 
I ic < 
Perel pond by = 9. Gi Pe uae Pe assis’ Che arama gp not 
yp a ae bit fapopee Ol - di, cin be woed toe detercing tho ver otubion 
of schtraction. for ead tie, accor fing ta our coloulated resuiis. tf the 
° 
fort the ontersesticn ab the ovtput plane and toe ophice hd asic: 
205) Aves, x “] esol wth) have their --cearéinate ¢ dug ot : 
< 


and O° 276 respectivel,. where allo arits are considered to te the sa 
heat oof the sca) Jenata. fn eutoub feaue voint os with Ha = GLE eas 
3 2 


. 


its came vsonding cbjece setnts i with H, = €.7030 and Py .ite th, co Soda, 
2 


in thd. uae. tne cifference Hy = 0,0937 is the minimur resolyohbie 
dicztence when the ima.e heicht 73 around 0.1, The overalt roasovution deta 
are jllustrated further by two additional figures. Fiqure 16 is a pect cn 
Boe My we eu He wien Cs is Incated on the axis. Tt can be seer tet, 

- oo: value of hy and Es - 0.01, the difference Hy - Hy is reat 
greates for pesittve it than for necative Hy. Thus, in order to minisize 


disterttca aed simultaneously oavtimize the size of the imace to be sul- 


tracte > one nes to chasse an optimum set of centers af tmaces (Cy, C.. Cyl 


we glace the upper end point of cach of the input images 0.08 above ts 


For exaetle. if tne manimun toleralle difference (H., - H,) 2S C00) ond 


cetter Go° J), the total height et the image can be subtracted would te 
AUG - f-u.55) O.79. lf instead. «nen the middle voint af the inice és 
Olaced af the ‘center’, the total hetght of the image that can be sui - 
tracted within the tolerance is then reduced to 0.04 - (-0.04) = 9.7... 


Figure d/ cuows « different case in which the point C3 is rot locate: at 


the apts lad aeds it at ee “OOOO “hen it can be seen that the viiies 
of a iy see biwast Sostributcd cyosetetoaily a@rvounc the center a 
Yo. tem the caadpu to teresdle a - Heo is O85) and the nidile tot ts 
OP Les aye bet france nh cies are . duced at tre centers - end C. Live 
tet n ea” Tit 23 Bab et eo vig 2h ie PaO ee Te INR ies 
in tis Case toe ocrstertion avoupe the ocnter chance: very oleae aut tase 
Leap Rea Tues ‘ arto interesting toa tint out the relative ee 
. i 

SA0e"9e as dettrai bye Te. | a ; excludia. @. os OL Two additional oi; 

te 5 

3 ; 


ures CoPresponairg to the asave-deserited two caves are plotted and oisan 
Pa figures de ane Ty respectively. We can see that for the first case ( 
Toreted on a dst the relitive distortion is qreater at the vicinity of tt 
ster than at the lover part of the imaae. For the second case (e4 at 
deo ADL) the minima relative distortion appears at the vicinity <1 
fio cette. Te total Eent tor che first case within the toserance. o- 

* is about (-9.04) - (-0.16) = 0.12 while the total hetcnt 


for the second cese is about 0.06 - 0.04 = 0.14. The cormmnuter progra 


for the ertcutattans are listed in Appendix C and D respectively. 


V. (Se Pe 

ao Nave presented the prinndode, esperimente) datal ant a4, 
gpa ovis of &@ read-tir se image suotrectien techniaue by ust 
pradburties fodave uteri setion. The tnecretical anabys? peonjis 


that dptertorencs fringes should be produced in tne system and the 
Paper bacit!) fata Genonstreted the pnenemenor. che dark fer destrius - 
tise fatertorenced portion of the fringes cen be uset for ierform:: 
ate oubirdctions. The taxtmum ered that can pe used for subtraction 


eottes oy tes owe censtructed 15 about P@ 6. x le ow. whieh ie alee: 


heat at anes of einitude cre ter than that resorted earlier -, 


: Shs tet eh achat In addtirsny in the rreseort aystecy) the chop. j 
Po as et er PPS A Cae eee hae Fae Tee 8 ae Ge Sg Ore Ae Sls 
ana a ele. fet sdod carculatton af tne cistovtian ef tne jira tes { 


Cae te eeerratrons ats. pas revealed the eottimur presitions where the 
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